Microscopic examination of thin sections (-20 ju) of certain minerals sometimes reveals a distinctive pattern of colored concentric rings surrounding a minute central inclusion about 0.5 to 1 u in radius. Although these structures had long been observed by mineralogists, their origin was a mystery until almost simultaneously Joly (1) and Mugge (2) correctly attributed the phenomenon to the presence of radioactivity in the central inclusion. While in some instances the inclusions have been identified as zircon (1, 3) , xenotime, or monazite (4), the halo nuclei are often too small for petrologic analysis.
In polarized light, the appearance of the varicolored ring patterns in such anisotropic minerals as biotite suggested the designation "pleochroic halos," although "radioactive halos" is clearly more appropriate. While the radioactivity in the central inclusion may consist of a-, pl-, and y-radiation, the development of a halo is basically due only to the proportionately much higher ionization effects of the a-particles. This is an extremely fortuitous situation because, since the a-particle has a rather precise range R in a mineral for a given initial energy E, one can often ascertain not only the elements responsible for a particular halo type but also the specific isotopes. If the halo nucleus contains uranium, the a-emission from the eight a-emitters in the decay chain produces a region of radiation damage surrounding the inclusion. In certain biotites this region becomes faintly visible when about 108 atoms of 238U have decayed; with increased a-emission a series of colored, spherically concentric shells eventually appears, corresponding to the ranges of the respective a-emitters of the 238U decay chain. (5) . It is in this connection that radioactive halos have again drawn interest (6) .
Naturally ring sizes are always measured from diametral sections; results are best from specimens having exceptionally small nuclei. Use of a filar micrometer shows the ring radii for the uranium and thorium halos to agree very well with the calculated aparticle ranges of 238U and 232Th and their respective a-emitters. Thus an experimental range:energy relation for a-particles may be determined for any mineral containing well-defined uranium or thorium halos, with small central inclusions.
Certain types of halos (I call them variant halos) exist that cannot be identified with the ring structure of either the uranium or thorium halos. What is the nature of the a-emitters responsible for these variant halos? Several types of variant halos were discovered but were not claimed to be evidence of new a-emitters because radioactive-decay schemes of uranium and thorium were still being refined. Nevertheless Joly (7) reported three variant halo types: one he attributed to "emanation" (222Rn), a dwarf having a very small radius; another was simply designated the X-halo. Others (8) (9) (10) have reported unusual halo sizes, and I have found halos having anomalous ring structure (11, 12 Fig. 1 were found in biotites from the Baltic (Norway) and Canadian shields, to clarification of the natuLre of the inclusions (14) . ThuLs a more sensitive techniqule is requLired for testing of the hypothesis regarding genesis of the poloniLin halos from a uLraniuim-bearing solution.
Fission-track techniques (15) halo types. The background fossil arecoil density was measured before a CoLInt was made in the mica cleavage plane about 5 to 1 0 tu directly above the halo nucleuLs. The mica was then cleaved until the central inclusion appeared on the sturface; the mica was etched again and another count was made to enable a density comparison of three separate regions.
The mean fossil a-recoil densities were 12.7 X 10'; and 11.6 X 10'; a/ cm2 for the Canadian and Irish micas, respectively, regardless of where the a-recoil count was taken. For a given etch period these resLults are reproduLcible within 10 percent. The fissiontrack density exhibited a random distribuLtion in each piece of mica except (as expected) near the 2;'.U halos. The a-recoil:fission-track ratios were abotit 2.5 X 10:: and 3.0 X 10:;, respectively, for the Canadian and Irish micas. Huang and Walker (16) have shown that the backgroUlnd a-recoil density in micas is due to both uLraniLlm and thoriUm a-decay; by uising 100 A and 10 1t for the alpha-recoil and fission-track ranges, respectively, one can determine that uranium alone contributes an arecoil:fission-track ratio of about 2.2 x 1 0:, any excess being dLle to thoriuLnm. FigLlre 2 portrays a 21"Po halo (Irish mica) showing the distribtution of n-radioactivity (fossil a-recoil centers) in the vicinity.
As far as the experimental analysis is concerned, there is no detectable difference in the microscopic distribLltion of a-radioactivity (with respect to back-1230 groLtnd density) near either the uranium or the polonium halos. [I note that thin clefts, which usually result near the edges of the mica from weathering (but not within the bulk of the mica), are easily detected by an acid etch since a-recoil tracks appear throughout the extent of the cleft area.] This finding seems to imply that there was no gross transport of a-radioactivity to the polonium-halo inclusions (i) by way of laminar flow of solutions (through thin clefts) disequilibrated as to uranium daughter-product activity, or (ii) by diffusion of radon, since an increased a-recoil density, higher than background by several orders of magnitude, should be evident within a 10-,u radius of the halo inclusions in either case. This last value is a conservative estimate, for I have considered only the decay of 21 'Po atoms en route to an inclusion. FuLrthermore, auLtoradiographic experiments on the samples of Canadian mica containing 23SU, 2::'Th, and poloniuLm halos showed only the normal background distribution of a-tracks, indicating that if excess activity now exists it is below the detection level of the method.
Thus, as far as the experimental analysis is concerned, I cannot confirm Henderson's model for the secondary origin of the polonium halos. To the quLestion of what mode of origin is consistent with the relatively short halflives of the polonium isotopes (or their /-decaying precursors), I can say only that other mechanisms are under study.
Whatever hypothesis is invoked, to explain the origin of the polonium halos, muLst also explain both the one found by Henderson (19) [due to a combination of isotopes from both the thorium series (212Po and '12Bi) and the uranium series ( 2 ('Po) ] and a halo presumably due to "'Bi (12) from the ''U series. Perhaps most interesting of all is the occurrence of 20,000 to 30,000 '-"Po and 2'1"Po halos per cubic centimeter in a Norwegian mica without the 214po halos. ROBERT DuLring a genetic study of blood specimens from a Brazilian population sample (1), four families were encountered in which electrophoretic variants of erythrocyte catalase were segregating (2). One variant, observed in three families, had an electrophoretic mobility that was about 7-percent faster than that of the usual enzyme type; the second had a mobility abouLt 4-percent slower than normal (Fig. 1) . The slow variant may be identical with BaLtr's Ct
